Retroviral vectors, methods for their preparation and their use for gene 

transfer into CD4-positive cells 




The present invention relates to retroviral vectors (cell targeting vectors), methods for their 
5 preparation and their use for the gene transfer into CD4-positive cells. 

The term „retroviral vectors" or „retroviral transfervectors" refers to infectious but replication 
incompetent retroviruses, which are able to transfer genes as retroviral expression constructs (also 
designated as „expression vectors") into cells. The gene transfer results in the integration of the 
10 expression construct into the genome of the cell. Retroviral gene transfer is advantageous, 
because (i) usually one copy of the gene of interest is transferred into cells, (ii) the gene generally 
is transferred without any mutations or recombination and (iii) stable chromosomal integration 
occurs. 



15 It is known to use retroviral vectors derived from the amphotropic murine leukemia virus (MLV) 
to transfer certain genes into mammalian cells, especially human cells. These vectors are 
replication incompetent and run only through one cycle of replication. For the preparation of such 
vectors two components are required. On the one hand, a packaging cell is required, that provides 
the gag", pol' and ewv-gene products of MLV upon expression of psi-negative constructs so that 

20 these genes can not be packaged into a retrovirus. „psi" designates the packaging signal of 
retroviruses, that mediates efficient packaging of messenger RNA. On the other hand, a so called 
expression construct has to be generated, that allows packaging into the retroviral vector and 
transfer by the retrovirus and that encompasses a coding and translatable region of the desired 
gene product. Thus, the expression construct has to contain the packaging signal „psi". The genes 

25 gag-, pol and env within the untreated packaging cell must be psi-negative to prevent the 
respective messenger RNA from being packaged into retroviral particles. Upon transfer of the 
expression construct by transfection of the respective vector-DNA into the packaging cells, 
retroviral vector particles are released into the cell culture supernatant, that exclusively contain 
the expression construct, but not the psi-negative gag-, pol and env genes, which are thus not 

30 transferred into the target cells. 

The tropism of retroviral vectors, i. e. the selection of mammalian cells into which these retroviral 
vectors can transfer the expression construct, is determined by the env gene in the respective 




packaging cell. The env gene is translated into ewvelope proteins; the transmembrane protein 
(TM) and the surface envelope protein (SU), which together form the outer envelope of the 
retroviral vector particle. The env gene products of the amphotropic MLV, which is widely used 
for gene transfer, mediate gene transfer into a variety of different mammalian cells. However, in 
5 particular for gene transfer into human cells the amphotropic retroviral vector does not allow 
specific gene transfer into selected human or other mammalian tissues or cell species, as the 
acceptor protein (receptor) for the amphotropic MLV-e«velope proteins which mediates the 
uptake of amphotropic retroviral vector particles, and the gene transfer is found on the surface of 
almost all mammalian cells. 

10 

In gene therapy, today, stable transfer of different genes is mostly performed in cell culture, i. e. 
„ex vivo". Retroviral vectors were improved by exchanging the retroviral env gene of MLV 
within the packaging cells by env genes derived from other viruses. As an example the env gene of 
MLV has been exchanged by the env gene encoding the protein G of „vesicular stomatitis virus 

15 (VSV)" (Bums et al., Proc. Natl Acad ScL USA 90 (1993), 8033-8037). The resulting retroviral 
vectors are characterized by enhanced stability. In WO 96/17071 retroviral vectors are described, 
that harbor the env gene of „human spuma retrovirus" (HSRV) instead of the MLV env gene. As 
amphotropic MLV, HSRV does not reveal any specificity for the infection of cells. All mammalian 
cells that have been tested yet, are permissive for HSRV, independent from which donor species 

20 or tissue type they have been derived from (Schweizer et al., J, Virol 71 (1997), 4821-4824, and 
Russel et al, J. Virol 70 (1996), 217-222). The possible use of the env genes of „simian sarcoma 
associated virus „ (Takeuchi et al.. Virology 186 (1992), 792-794), of the „feline leukemia virus 
subgroup B" (Porter et al.. Hum. Gene Ther. 1 (1996), 913-919), of the „feline endogenous virus 
RD114" ( Cosset et al, J. Virol 69 (1995), 7430-7436) and of the „human T-cell leukemia virus I 

25 (HTLV-I)" (Vile et al. Virology 180 (1991), 420-424) is suggested in certain experiments. 
Attempts to prepare retroviral vectors containing the env genes of the lenti viruses HIV-1, HIV-2 
or „simian immunodeficiency virus (SIV)" have not been successfiil, yet. Such retroviral vectors 
would contain the capsid proteins encoded by the gag gene of MLV and the envelope proteins, 
encoded by the env gene of other retroviruses like HIV or SIV. 

30 

Vectors for the specific gene transfer into CD4-positive mammalian cells do not exist, 
-o bjcot of tho ' -p r csent invention i s to providt'- i e l mviial vcctora that do not target th e dinp h oU O piii i 
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types. These vectors are suitable to mediate the gene transfer in specific cell types of mammalian 
origin. It is a further object of the present invention to develop a method to prepare such 
retroviral vectors. 

5 These objects are solved according to the present invention by providing retroviral vectors 
comprising the viral cores derived fi-om murine leukemia virus (MLV) and the viral envelopes 
derived fi-om human immunodeficiency viruses (HTV) or simian immunodeficiency viruses (SIV). 
In particular, these retroviral vectors are characterized by the use of viral envelopes derived fi-om 
human inmiunodeficiency virus type 1 or type 2 (HIV-1 or HrV-2) or fi-om simian 

10 immunodeficiency virus (for example: Cerecopithecus aethiops (SIVagm), Macaca mulatta 
(SIVmac), Pan troglodydytes (SIVcpz), Cerecopithecus mitis (SIVsyk), Papio sphinx (SIVmnd), 
Cercocebus atys (SIVsm) or Macaca nemestrina (SIVmne)). Preferred are retroviral vectors 
bearing viral envelopes that contain the full-length surface envelope protein and a truncated form 
of the transmembrane envelope protein. Particularly preferred are retroviral vectors bearing viral 

15 envelopes that contain the full-length surface envelope protein and a truncated form of the 
transmembrane envelope protein that is elongated by the C-terminus or any other fi-agment 
derived from the transmembrane protein of the murine leukemia virus (MLV) or an other virus. 

Furthermore, packaging cells are provided that express the psi-negative envelope genes (e/iv) of 
20 the lentiviruses HIV or SIV and the psi-negative gag/pol genes of MLV. In addition, these 
packaging cells contain psi-positive expression constructs that are transferred by the retroviral 
vectors according to the present invention. 

In one embodiment of this invention viral core particles that are derived from a certain retrovirus 
25 can, in connection with expression constructs, be employed for the preparation of viral vectors. 
These expression constructs, as they contain the packaging signal psi, are packaged into the core 
particles. The core particles containing the expression constructs to be transferred are enveloped 
by foreign envelopes derived from other virus species or from another cell. The transfer of these 
expression constructs is then mediated by the retroviral vectors. The incorporation of the foreign 
30 virus envelope can for example be mediated by the employment of the preferably truncated variant 
of the transmembrane envelope protein of HTV-l env gene pTr712. Furthermore, the 
incorporation of a foreign viral envelope can be mediated for example by the use of the truncated 
variant of the transmembrane envelope protein of SIVagmS env gene AOenv. In a further 




embodiment of the present invention full-length transmembrane proteins or transmembrane 
proteins modified by the fusion of the C-terminus of the transmembrane envelope protein of MLV 
or the C-termini of the transmembrane envelope proteins of other viruses to the truncated or full- 
length transmembrane proteins can be used. These modified envelope proteins can be 
5 incorporated in retroviral vectors. Especially preferred are vectors derived firom MLV that contain 
the envelope proteins of other retroviruses, in particular of lentiviruses like HTV or SIV. These 
vectors infect the desired cell type by the interaction with the cellular receptor of the virus fi-om 
which the foreign envelope is derived from. 

10 In another embodiment of the invention any cell is transfected with a psi-negative expression gene 
encompassing gag/pol genes. Furthermore, the cell can be transfected with a psi-positive 
expression construct encoding the genetic information intended to be transferred. In addition, this 
cell is then transfected with a further expression gene encoding foreign envelope proteins. Cell 
lines constructed this way then generate retroviral vectors that contain the genetic information 

15 desired to be transferred. 

In a preferred embodiment of the invention, the MLV-e/iv-negative packaging cell line TELCeB6 
(Cosset et al., J.Virol 69 (1995), 7430-7436) is transfected with the truncated variant of the 
HIV-1 env gene pTr712 of plasmid pLpAc/e«v-Tr712-neo (Wilk et al.. Virology 189 (1992), 

20 167-177; Krausslich et al.. Virology 192 (1993) 605-617). The resulting packaging cell line 
produces retroviral vectors of the type MLV(HIV-1), according to the invention, into the cell 
culture supernatant. These vectors contain core particles that are produced upon the expression of 
the gag/pol gene of MLV in this cell and envelope proteins derived fi-om HTV-l that are 
intracellularly expressed from the truncated variant of the HIV-1 env gene Tr712 and 

25 subsequently incorporated into the vector particles. The vectors of the invention contain the full- 
length surface envelope protein gpl20-SU of HTV-l and the truncated variant of the 
transmembrane envelope protein which results from a stop codon at position 712. It was shown in 
detail that this results in the generation of retroviral vectors for selective transfer of genes into 
CD4-positive mammalian cells. CD4-positive, but not CD4-negative cells derived from otherwise 

30 identical cell lines were selectively transduced by these vectors, i. e. the expression construct gene 
was transferred. The transduction was inhibited in the presence of antibodies that also inhibit 
infection by HIV. The surface envelope protein of HTV was detectable on the surface of the 
generated gene transfer vectors. 
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In another preferred embodiment of the invention the MLV-env negative packaging cell line 
TELCeB6 is transfected with the truncated variant of the SIVagmS env gene AOenv. The resulting 
packaging cell line secretes retroviral vectors of the type MLV(SIVagm3) of the present invention 
5 into the culture supernatant. These vectors also contain core particles derived from MLV and 
envelope proteins derived from SIVagm3 that are intracellular^ expressed from the truncated 
variant of the SIVagmS env gene AOenv and subsequently incorporated into the vector particles. 

Thus, the present invention offers the following possibilities: 

- to selectively transfer genes into CD4-positive cells 

- to further optimize efficiency of gene transfer by improving the env gene constructs in 
comparable packaging cells, 

- to develop gene therapy strategies which require or are improved by the selective gene transfer 
into CD4-positive cells , 

- to especially develop gene therapy strategies for the prevention or therapy of HIV-infection in 
humans by transferring HIV-inhibiting genes e.g. antisense genes, RNA-decoys, transdominat- 
negative mutant genes of HIV or other lentiviruses into CD4-positive cells, 

- to especially develop gene therapy strategies to transfer genes into CD4-positive cells for the 
prevention and treatment of congenital genetic disorders like ADA-deficiency or other 
genetically treatable diseases that would benefit from the specific gene transfer into certain 
cells, and 

- to study the cellular entry of lentiviruses into mammalian cells in detail. 
The figures illustrate the invention. 

Figure 1 shows the principle of retroviral vector mediated gene transfer into mammalian cells. 

Figure 2 shows a scheme of the preparation of a retroviral vector (taken from: "Molecular 
30 Biotechnology, Principles and Applications of Recombinant DNA, B.R. Glick and J.J Pasternak, 
ASM Press, Washington, D.C., 1994, Page 41 1, translated into German). 

Figure 3 shows schematically a general method for the preparation of retroviral vectors (retroviral 
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transfer vectors) by transfection of a -expression construct-negative packaging cell line with an 
expression construct that is due to the presence of a packaging signal (here: psi) able to package a 
gene to be transferred (therapeutical effective gene) of interest into retroviral vectors. 



5 Figure 4 shows a particular method for the preparation of retroviral vectors of the type 
MLV(HIV-1). The MLV gag/pol expression gene and the psi-positive expression construct 
pMFGlnsLacZ that are expressed in the env-negative packaging cell line TELCeB6 are shown. In 
addition, the env gene variant of HIV- 1 (Tr712) encoding the full-length surface envelope protein 
gpl20-SU and the truncated variant of the transmembrane envelope protein (Agp41-TM) are also 

10 expressed in this cell line to generate MLV(HIV-1) vectors. 

Figure 5 shows the general assembly of retroviral vectors that consist of core particles from a 
certain virus in combination with viral envelopes derived from foreign viruses, here explained on 
the example of MLV(HIV-1) vectors. 

15 

Figure 6 schematically shows the cloning strategy for the generation of SIVagmS ^wv-expression 
construct pRep wt env and for the truncated e/iv-genes, here shown at the example of variant 

AOenv, 



20 Figure 7 shows the cloning scheme for the generation of chimeric SIVagm3 env genes AOMLVenv 
and A7MLVenv. 




25 




FigurA 8 shows the nucleic acid sequences of the oligonucleotides used for the cloning of the 
SIVagraS env expression constructs. The nucleic acid sequences of the restriction sites are 
underlin&d. 

Figure 9 shows schematically the transcriptional units of the SI Vagm3 -derived env constructs. 



igure 10 shows tha amino acid sequences of the intracellular domains of the gene products of the 
SIVagmS derived ewv-constructs. The sequences of SIVagmS and MLV are given for 
comparison. The arrano acids are indicated in the one letter code. Amino acid residues derived 
from MLV are underlined. The numbers in the designation of the constructs indicate the N- 
terminal amino acid moieties following the transmembrane region before the stop codons inserted 



by recombinant PGR. Due to the inseiftion of a Not I-restriction site two or three amino acids are 
generated that do not occur in the nativ® SIVagm3 sequence. These amino acid moieties are typed 
in bold letters, "..."designates amino acilimoieties of SIVagm3 that are not indicated in detail. "*" 
indicates the C-terminus of the proteins. Ithe length of the intracellular domains is indicated, "aa" 
5 stands for amino acid moieties. "TMR" stands for transmembrane region. The designation "A^F" 
stands for the 3 '-inserted sequences derived from MLV env gene. The inserted C-termini of MLV 
contain the so called p2-protein (consisting of 16 aa) that is intracellularly cleaved by proteolysis 
before the envelope proteins are incorporated Wo the virions. 

10 Figure 11 is a graphic illustration of the efficiency of generation of MLV(SIVagm) vectors upon 
transfection of the env gene variants into TELCeB6/rev cells. The T-cells were co-cultivated in 
the same medium and in the presence of the transfected packaging cells for two days and then 
tested for the successful gene transfer by X-gal staining. The indicated values are mean values 
resulting from two experiments. "Mock" stands for negative control. 

15 

Figure 12 is a graphic illustration of the results of titration experiments performed with 
MLV(SIVagm) vector stocks in different CD4-positive cell lines. 

Figure 13 shows the results of the inhibition of T-cell transduction employing a monoclonal 
20 antibody directed against CD4 blocking the cellular CD4-receptor. The concentration of the 
antibody IOT4a is given in the legend. The transduction eflSciency in the absence of the antibody 
was set as a reverence of 100% and the titers in presence of the antibody is expressed in percent 
of this positive control. 

25 The term "retroviral vector" as used herein, refers to a replication incompetent retroviral particle 
that is mediating the transfer of a mRNA of a foreign gene, e. g. of a therapeutical gene or of a 
fragment thereof or of a reporter gene instead of the retroviral mRNA. The term "therapeutical 
gene" as used herein refers to a nucleic acid sequence that is intended to be transferred into a 
target cell by a retroviral vector and comprises complete genes, fragments thereof or antisense- 

30 nucleic acid sequences. The term "SIV" as used herein refers to viruses of the simian 
immunodeficiency virus family, e. g. Cerecopithecus aethiops (SIVagm), Macaca mulatta 
(SIVmac), Pan troglodydytes (SIVcpz), Cerecopithecus mitis (SIVsyk), Papio sphinx (SIVmnd), 
Cercocebus atys (SIVsm) or Maccaca nemestrina (SIVmne). The term "SIVagm3" as used herein 




refers to the molecular clone SIVagmSmc (Baier et al., J. Virol 62 (1989), 4123-4128). 

The preparation of MLV(HIV-1) and MLV(SIVagm3) vectors is described in detail below. 

5 First, a DNA-sequence is generated that allows the production of the necessary proteins that 
allow the assembly of the viral core particles. The DNA-sequence is transfected into a human host 
cell and expressed therein. This DNA-sequence contains additionally operator-elements that are 
needed to express the DNA-sequence and induce formation of the viral core particles. The new 
host cell generated that way is then transfected with another DNA-sequence encoding the 

10 envelope proteins derived from a virus which is diflFerent to the virus from which the viral core 
particles derived from. Then a third DNA-sequence is transfected into these cells that is packaged 
by the core particles and that comprises sequences that result in production of the therapeutical 
gene sequences or desired proteins in the cell into which therapeutical genes are to be transferred 
by the retroviral vector. The DNA-sequence that result in the expression of the viral envelope 

15 proteins can preferably be derived from the env gene of HIV- 1 or HIV-2 or other HTV-strains or 
of SrV, e.g. Cerecopithecus aethiops (SIVagm), Macaca mulatta (SIVmac), Pan troglodydytes 
(SIVcpz), Cerecopithecus mitis (SIVsyk), Papio sphinx (SIVmnd), Cercocebus atys (SIVsm) or 
Maccaca nemestrina (SIVmne)). The env genes employed can be equivalent to the original native 
version of the viruses named above or can be truncated or even further modified variants of the 

20 respective env genes. The especially preferred HIV-1 env gene pTr712 results in the generation of 
a full-length surface envelope protein gpl20-SU and a truncated variant of the transmembrane 
protein. The particularly preferred SFVagmB e/jv-gene AOenv results in the generation of a fiiU- 
length surface envelope protein gpl30-SV and a truncated transmembrane protein. The 
transmembrane protein can be further modified e. g. by fusion of the C-terminal domain or any 

25 other fragment of the transmembrane protein derived from MLV or any other virus. For example 
using core particles derived from MLV one can substitute the C-terminus of the env gene HIV or 
SrV env gene by the C-terminus derived from the transmembrane protein of MLV. In this case the 
proteolytic cleavage site of the C-terminal p2 peptide can be modified or not. 

30 The mentioned viral vectors according to the invention can be used for the transfer of therapeutic 
genes into particular cell types. For example, the MLV(HIV-1) and MLV(SIVagm3) vectors of 
the invention transfer genes selectively into CD4-positive cells. Thus, these vectors show the 
tropism of HIV-1 and SIVagm3, respectively, from which the envelope proteins were derived 
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The following not-limiting examples illustrate the invention. 
1. Example 1; Preparation of MLVdilV-l^ vectors 
1 . 1 Cell lines and plasmids 



All plasmids used were prepared from transformed E, coli strains DHlOa or HBIOI. The 
molecular cloning of the expression constructs pLBAc/ewv-neo is described by Krauslich et al.. 
Virology 192 (1993), 605-617 and pLssAc/e/iv-Tr712-neo is described by Krauslich et al.. 
Virology 192 (1993), 605-617 and Wilk et al.. Virology 189 (1992), 167-177. These expression 
constructs encode the env gene variants of HIV-1 and the neomycin-resistance gene. The 
expression construct pCRUCA comprising the env gene of amphotropic MLV is described by 
Wilk et al., Virology 189 (1992), 167-177 and Battini et al., J. Virol, 66 (1992), 1468-1475. The 
TELCeB6 packaging cell line expressing the expression construct pMFG-nlslacZ and the genes 
gag and pol of MLV is described by Cosset et al., J. Virol. 69 (1995), 7430-7436. The cell line 
HeLaCD4+ was provided by the MRC ADDS reagents depository and 293 cells were purchased 
from ATCC (ATCC CRL 1573). All adherent cell lines were cultured in Dulbecco's Modified 
Eagles Medium (GIBCO/BRL, Eggenstein, Germany) supplemented with 10% fetal calf serum. 
The human T-cell line Molt4 (ATCC CRL 1582) was kept in RPMI-1640-Medium 
(GIBCO/BRL, Eggenstein, Germany) supplemented with 10% FCS. The transfection of the 
packaging cell line TELCeB6 v^th the expression construct pTr712 was performed using 
Lipofectamin (GIBCO/BRL, Eggenstein, Germany) according to the manufacturer's instruction. 
After transfection of the plasmid pRep 4 (Invitrogen, Leek, Netherlands) hygromycine B-selection 
was performed in the presence of 200 mg/ml hygromycine B (Sigma, Deisenhofen, Germany). 
One cell clone generated by this protocol is the cell line TELCeB6/pTr712-K14. 

1.2 Viral infections^ determination of titers and neutralisation experiments 

The adherent cells were seeded into 24-well plates at a density of 4 x 10"^ cells per well or in 6- 
well-plates at a density of 2 x 10^ cells per well. Molt4 cells were seeded at a density of 8 x 10* 
cells per well in a 6-well plates. Prior to infection the cells were incubated over night in cell 
culture medium. Cells were infected by co-incubation with 1 ml diluted or undiluted retroviral 



particle containing supematants for three hours. Virion containing supematants were freed from 
contaminating cells by filtration through a 0.45 |im filter. Two days post infection target cells 
were assayed for the expression of B-Gal by X-gal staining. The viral titers were determined as 
5 described. The titers are given in colony forming units per ml (cfii/ml). A serum from a HTV-l- 
infected donor was employed to neutralize the pseudotyped vectors. 

1.3 Immuno-staining of transfected cells 

10 TELCeB6 cells transfected with plasmid-DNA encoding the envelope proteins of HTV-l were 
washed with PBS and incubated with ice-cold methanol for 15 min. After repeated washing the 
cells were incubated with blocking buffer (PBS / 2% BSA) for one hour. After repeatedly 
washing with PBS cells were incubated with a 1:1000 diluted HIV-1 specific serum solution for 
one hour. Cells were incubated with peroxidase-conjugated protein G (Bio-Rad, Krefeld, 

15 Germany). Finally, antigen-presenting cells were stained by addition of substrate-buffer (H2O2 
with 3-amino-9-ethylcarbazol, Sigma, Deisenhofen, Germany). It was demonstrated that the 
plasmid pTr712 allows the expression of envelope proteins derived from HIV-1 in the transfected 
cells. 

20 1 A Westem-Blot-analysis 

The preparation of cell lysates and Western-Blotting was performed using standard protocols. 
Virus particles present in the supematants of packaging cells transfected with plasmids encoding 
HIV-1 -derived envelope proteins were concentrated by ultracentrifugation (45 min at 200,000 x g 
25 at 40°C). The resulting pellets were resolved in sample buffer and subjected to SDS-PAGE. A 
goat serum directed against HTV-l gpl20-SU and peroxidase conjugated protein G was used for 
Western-Blotting. Protein bands were visualized using the ECL-detection kit (Amersham, 
Braunschweig, Germany). The surface envelope protein gpl20-SU of HIV-1 was detectable in 
cell lysates and vector particles. 

30 




1.5 Membrane fusion capacity of the HTV-l envelope protein 

A subconfluent culture of the packaging cell line TELCeB6/pTr712-K14 was coveired with Jurkat 
T-cells, expanded for 48 hours and photographed. A number of syncytia were observed, clearly 
5 indicating the functionality of envelope proteins of HTV-l produced by the cell line mentioned 
above. 

Example 2; Preparation of MLV(SrVagni3'> vectors 

10 

2. 1 Cloning of the SIVagmS env-expression constructs 

The plasmid pRep 4 (Invitrogen, Leek, Netherlands) was used to clone the env gene variants of 
15 SIVagmS. To generate the env gene variants the sequence between base 5713 and 8411 of 
SrVagmS was amplified from the plasmid pMB2 (Baier et al, J. Virol. 63 (1989), 5119-5123) by 
recombinant PGR (rPCR) using the oligonucleotids Nhe AGM ENV+ (SEQ ID NO:l) and Xho 
AGM ENV- (SEQ ID NO: 2), and inserted into the plasmid pRep4 via the restriction sites Nhe I 
and Xho I. The cDNA generated by rPCR encompasses both rev-exons and the complete reading 
20 frame of the env gene. The resulting plasmid termed pRep wi env was used as a template for 
further rPCRs and as a vector for further cloning steps. 

Next, the truncated env gene variants AOenv, A7env and AJ6 env were cloned. For this purpose, 
the respective oligo-nucleotides Not STOP 0-/+ (0-: SEQ ID NO:3, 0+-:SEQ ID NO:4), Not 

25 STOP 7-/+ (7-: SEQ ID NO:5, 7+:SEQ ID N0:6) and Not STOP 16-/+ (16-: SEQ ID NO:7, 
I6-I-:SEQ ID NO:8) were employed in PCRs to insert the desired stop-codon and the 5'-located 
Not I-restriction site. To minimize the risk of faulty amplification by the Ta^-poljmierase small 
fragments were amplified using the flanking oligo-nucleotides SIV ENV Hni+ (SEQ ID NO: 9) 
and Xho AGM ENV- (SEQ ID NO:2). The resulting fragments (amplicon SEQ ID NO:9/3 

30 together with amplicon SEQ ID NO:4/2, amplicon SEQ ID NO:9/5 with amplicon SEQ ED NO: 
6/2, amplicon SEQ ID NO:9/7 with amplicon SEQ ID NO:8/2) were then isolated according to 
standard protocols and subjected to fiision-PCR. The first amplicon encompasses the sequences 
derived from SIVagm env from the Hind Ill-restriction site (nt 6817) to the - primer (Not STOP 




0-/7-/1 6-) that includes the Not I-restriction site and the stop codon to be inserted as well as the 
3'- following sequences of the template. The second amplicon begins with the + Primer (Not 
STOP 0+/7+/16+) encompassing the last bases at the 3 'end from the first amplicon, a Not I- 
restriction site and the stop codon. This amplicon ends with the sequence of the primer Xho AGM 
5 ENV-. Thus, the amplicons subjected to the fusion-PCR included overlapping sequences that 
allowed hybridisation. Using fiision-PCR these amplicons where amplified upon hybridisation 
employing the primers Xho AGM ENV- and SIV ENV HIIH-. The resulting fijsion fragments 
were then digested (Hind in/Xho I) and inserted into the vector Rep wt env (KBnd Ill/Xho I). The 
env variants AOMLV env and AJMLVenv were derived from the variants AO env and A7 env. For 

10 this purpose, the 3 '-laying regions of the MLV env gene encoding the intracellular portions of TM 
protein pl5 were amplified by rPCR using the oligonucleotides MLV Not- (SEQ ID NO: 10) and 
MLV Not 7+ (SEQ ID NO; 11) or MLV Not 0+ (SEQ ID NO:12), respectively. The molecular 
clone pKA1558 has been described by Scov et al., J. Gen, Virol 74 (1993), 707-714 and served 
as the template. The resulting amplicons were inserted into the env variants AO env or A7 env via 

15 the Not I-restriction site. 

2.2 Polvmerase Chain Reaction (PCR) 

The Taq-DNA-polymerase (Perkin-EImer, Langen, Germany) was used for amplification of DNA 
20 sequences. A standard-PCR (100^1 total volume) included: 1 x PCR-buflFer (10 mM Tris/HCl, pH 
8.8, 50 mM KCl, 1.5 mM MgCl2, 0.01% gelantine), 10 jiM of each amplicon, 2 ^lM of the 
respective oligodeoxynucleotide-primers, 200 jxM of each deoxynucleotide (dNTP), 2.5 units of 
the Taq-polymerase and 100 ng plasmid-DNA. The PCR-program using the primer pairs of 
amplicon SEQ ID NO: 9/3 with amplicon SEQ ID NO: 4/2, amplicon SEQ ID NO: 9/5 with 
25 amplicon SEQ ID NO: 6/2 and amplicon SEQ ID NO: 9/7 with amplicon SEQ ID NO: 8/2 was as 
follows: 

1. 94°C 300 sec. 

2. 94°C 45 sec. 
30 3. 55X 120 sec 

4. 72°C 180 + 2 sec. 

5. 10 cycles 2.-4. 

6. 94*^0 45 sec. 




7. 60^C 120 sec. 

8. 72°C 180 + 2 sec. 

9. 10 cycles 6.-8. 

10. 72X 600 sec. 

5 

2.3 Cell lines, media, transformation and iransfection 

Plasmids were transformed into E. co//-strains DH5a, DHIOB, ToplOF'(GIBCO/BRL, 
Eggenstein, Germany) and GM 2163 (Invitrogen, Leek, Netherlands) using standard methods, 

10 The transfection of the packaging cells TELCeB6 and TELCeB6/rev with the SIVagm env gene 
expression constructs were performed using Lipofectamin (GDBCO/BRL, Eggenstein, Germany) 
according to the manufacturer's instructions. The packaging cell line TELCeB6 expressing the 
retroviral expression construct MFG-nlsLacZ and the gag/pol genes of MLV has been described 
by Cosset et al., J. Virol 69 (1995), 7430-7436. Cell line TELCeB6/r^v was stably transfected 

15 with the construct pCMV-rev (NIH Research and Reference Reagent Program, catalogue no. 
1443) allowing the expression of the rev gene of HIV- 1 under the transcriptional control of a 
CMV-promotor. Thus, the resulting cell line TELCeB6/rev expresses in addition the rev gene of 
HIV-1. The cell lines TELCeB6 and TELCeB6/rev were cultured in the media described below 
for the cultivation of adherent cells supplemented with glucose (4 g/L). Adherent HeLaCD4+ 

20 cells were purchased from the MRC AIDS Program Reagents Project and the HeLa cells were 
purchased from ATCC (CCL 2). All adherent cells lines cultivated in Dulbecco's Modified Eagles 
Medium (GIBCO/BRL, Eggenstein ; Germany) supplemented with 10% inactivated fetal calf 
serum (PCS; Biochrom KG, Berlin, Germany), 2 mM L-glutamine (Biochrom KG, Berlin, 
Germany) and antibiotics (0.1 mg/ml nystatin, 100 units/ml penicillin, 50 mg/ml streptomycin, 

25 Biochrom KG, Berlin, Germany) at 37°C, 5% CO2 and water-saturated athmosphere in a cell 
incubator (Cytoperm, Heraeus, Germany). The suspension cells C8166 (human leukemia T-cell 
line containing the defective HTLV-1 genome, NIH Research and Reference Reagent Program, 
catalogue no. 404), Jurkat cells (human leukemia T-cells, NIH Research and Reference Reagent 
Program, catalogue no. 177) and Molt4 (human leukemia T-cells, NIH Research and Reference 

30 Reagent Program, catalogue no. 175) were kept in RPMI 1640 (GIBCO/BRL, Eggenstein, 
Germany) supplemented with 10% PCS, 2 mM L-glutamine (Biochrom KG, Berlin, Germany) 
and antibiotics (0.1 mg/ml nystatin, 100 units/ml penicillin, 50 mg/ml streptomycin, Biochrom 
KG, Berlin, Germany). 
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2.4 Immuno-peroxidase-assay anti-peroxidase (IPAP) 

To test the correct expression of the env gene variants all env encoding constructs were 
5 transfected into TELCeB6 cells. Two days post transfection the transfected cells were tested for 
the expression of the respective env variant using IPAP. The transfected TELCeB6 cells seeded in 
35 mm-tissue culture plates were washed with PBS and ice cold methanol (-20*^C) was added and 
incubated for 15 min at -20°C for fixation. Then cells were washed again with PBS and unspecific 
binding sites were saturated by incubation with blocking buffer (PBS + 2% BSA) at room 

10 temperature (RT) for one hour. Subsequently, cells were incubated with an anti-serum directed 
against SIVagm taken from an pig-tail macaque (Macaca nemestrind) infected with SIVagm. This 
serum was diluted in blocking buffer and was incubated with the cells for one hour at 37°C. After 
repeated washing with PBS the Fc-portions of the primary antibodies were detected using 
horseradish-peroxidase-conjugated protein G (BIO-RAD, Munich, Germany) after incubation for 

15 one hour at 37^C. After washing the cells twice with PBS substrate buffer (4 mg 3-Amino-9- 
ethylcarbazol solved in 1 ml dimethylformamid, 19 ml 20 mM NaO Ac-buffer, pH 5 and 30 ^1 
H2O2; cleared by filtration through a 0.45 |im filter) was added. After a few minutes of incubation 
at RT cells expressing viral proteins clearly stained red. With the exception of the plasmids pRep 
A7env and pRep A7MLVenv, all other constructs mediated expression of the envelope proteins 

20 derived from SIVagm3. The analysis of the sequencing data revealed a stop codon in the second 
rev-exon in the two variants pRep A7env and pRep AlMLVenv resulting from the insertion of the 
Not I-restriction site. Thus, the incompletely produced Rev-protein was not able to mediate the 
export of the mRNA-transcripts of the env genes from the cell nucleus. 

25 2.5 Syncytia-formation 

As the IPAP analysis only allows the demonstration of the expression of the envelope proteins 
their functionality had to be tested as well. Using a syncytia-formation test it was intended to 
show that the envelope proteins were present on the cell surface and able to induce syncytia- 
30 formation in CD4+ cells. For that purpose, the SIVagm-derived env gene constructs were 
transfected into TELCeB6/rcv cells. At the following day, the transfected cells were covered by 
Molt4 T-cells and photographed 24 h later. The SIVagm-derived envelope proteins presented on 
the cell surface of the packaging cells are able to bind to the CD4-proteins present on the 




membrane of the T-cells. Thus, fusion of the two cell types occurs. These syncytias are 
distinguishable from the parental cells by their size. All tested env gene variants induced syncytia- 
formation, but were very different in the extent of inducing syncytia-formation. Whereas the 
variants AOenv and Aldenv induced large syncytia the other variants including wt env mediated 
5 only weak syncytia induction. Nevertheless, it was demonstrated for all variants that their 
expression resulted in the production of membrane proteins able to bind CD4, 

2.6 Detection of P-galactosidase activity (X-gal-assay^ 

10 The successful transduction of human cells mediated by [MLV(SIVagm)] derived vectors was 
demonstrated by the detection of the successful gene transfer of the packageable construct MFG- 
nlsLacZ tested by X-gal-assay. The detection of p-galactosidase activity in transduced cells was 
performed using a modified protocol of the X-Gal-assay (Sanes et al., EMBO X 5 (1986), 3133- 
3142). The reaction buffer contained p-galactosidase substrate (5-brom-4-chlor-indodyl-p-D- 

15 galactopyranosid; Sigma, Deisenhofen; Germany) [1 mg/ml], 5 mM potassium-ferricyanid (Sigma, 
Deisenhofen, Germany), 5 mM potassium-ferrocyanid (Sigma, Deisenhofen, Germany) and 2 mM 
MgCk in PBS. The cells were washed with PBS and incubated for 10 min at RT in PBS, 2% 
formaldehyde and 0.2% glutaric dialdehyde. Then, cells were washed with PBS and incubated 
with the X-Gal reaction buffer for 5 - 24 h at 37^C. p-galactosidase activity was demonstrated by 

20 intracellular blue staining. 

2.7 Transduction of T-cells by [MLVrSIVagm3'>] vectors 

4 X 10^ TELCeB6/rev cells were seeded in 35-mm tissue culture plates to be transfected 24 h later 
25 with the SIVagm-derived e«v-constructs. The following day, transfected cells were supplemented 
with fresh media. Then co-cultivation devices (Costar, Cambridge, USA) were installed in the 
tissue culture plates of the packaging cells allowing the free diffusion of media and vectors 
contained therein, but preventing direct cell-to-cell contact. 10^ Molt4 T-cells were seeded into 
these co-cultivation devices and expanded for two days in the presence of the respective 
30 transfected cells. After further two days of cultivation in the absence of the packaging cells, the T- 
cells were tested for the expression of the reporter gene LacZ using the X-Gal-assay. 




The transfection of all SIVagm-derived env gene variants displaying a intracellular domain of no 
more than 19 amino acid moieties resulted in the generation of pseudotyped MLV-vectors 
successfully transducing the T-cells. The variants wt env and A36 env did not generate detectable 
amounts of these vectors. The transfection of the plasmid pHIT 456 encoding the env gene of 
5 amphotropic MLV (Soneoka et al., NucL Acid Research 23 (1995), 628-633) served as a 
positive control. 

Example 3; 

10 3.1 Establishment of stably transfected packaging cell clones 

To prepare high-titer vector stocks TELCeB6 cells were stably transfected with the respective 
ewv-constructs and subsequently subjected to selection. The media used for selection correspond 
to the media used for the cultivation, but included additionally the neomycin analogoue G418 

15 (800 ^ig/ml) for selection of neo^-cells (HIV-1 ewv-constructs) or hygromycine B (200 ng/ml) for 
the selection of hyg'^-cells (SIVagm cwv-constructs). The antibiotics were purchased from Sigma 
(Deisenhofen, Germany). The selection of transferred cells was started two days post transfection 
and carried out for further 10 days until cell clones formed colonies. The clonal cells were 
detached and resuspended from the tissue culture plate using an "Eppendorf-pipette". These 

20 single cell clones were first expanded in 24-well tissue culture dishes and tested for the generation 
of vectors by titration in suitable target cells. 

3.2 Generation of pseudotyped MLV-vectors 

25 The vectors produced by the packaging cells were prepared as follows; The media of confluent 
packaging cultures in large tissue culture flasks (800 ml) were substituted by 15 ml of fresh 
medium and cells were incubated over night. Then the supematants were freed from 
contanunating cells by passaging through a 0.45 ^m filter and either subsequently subjected to 
transduction or stored in liquid nitrogen. 
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3.3 Determination of vector titers 

To evaluate the vector amounts in the supematants of the packaging cells, various dilutions of 
these supematants in fresh culture media were prepared in a total volume of 1 ml and subjected to 
5 transduction of permissive target cells (Molt4, C8166, Jurkat, HeLaCD4+), The dilutions 
employed were 1:1, 1:10, 1:100, 1:1000. The adherent HeLaCD4+ target cells were seeded at a 
density of 2 x 10^ cells per 35 mm-tissue culture plate one day prior to transduction. The cells 
were washed with PBS before incubation for two hours at 37°C in the presence of the vector 
containing media. Then, cells were washed again with PBS and expanded for further two days 

10 before the transduced cells were visualized by staining using the X-gal-assay. Suspension cells 
were supplied with fresh media one day prior to transduction. 10^ cells were pelleted (by 
centrifugation) in the usual manner and then directly resuspended in the vector containing 
dilutions. After two hours these cells were washed and expanded for further two days before the 
successfixl gene transfer was detected using the X-gal-assay. The LacZ-^ and thus stained cells 

15 were counted within 10-20 image-fields using a light microscope (Axiovert 35, Carl Zeiss, Jena, 
Germany) and the total LacZ^-cell count within the whole tissue culture plate was evaluated by 
extrapolation. The dilution of the vector containing supematants was taken into consideration and 
the titers were expressed in cfu/ml, Molt4 cells were transduced at the highest efficiency, whereas 
C8166 and Jurkat T-cell lines were considerably less efficiently transduced. HeLaCD4+ cells seem 

20 to be hardly permissive for [MLV(SIVagm)] vectors. In contrast, the [MLV(HrV-l)] vectors 
enabled efficient transduction of all CD4+ cell lines tested. 

Example 4: 

25 Demonstration of the CD4-dependent transduction mediated by [MLV(SIVagm)] vectors 

30 min prior to transduction by [MLV(SIVagm)] vectors Molt4 T-cell line was incubated in 
media containing various concentrations (0 ng/ml, 0.625 jig/ml, 1.25 ng/ml, 2.5 ng/ml, 5 ^g/ml) 
of the monoclonal antibody IOT4a (Dianovei, Hamburg, Germany) directed against CD4. This 
30 antibody inhibits the entry of different HIV- and SFV-isolates by blocking the cellular receptor 
CD4 (Sattentau et al.. Science 234 (1986), 1120-1127). The T-cells were transduced by 
[MLV(SIVagm)] vectors in the presence of the concentrations of the anti-CD4-antibody I0T4a 
mentioned above. Then cells were washed and expanded for further two days before the resulting 




gene transfer was measured using the X-gal-assay. Cells transduced in the absence of the antibody 
served as positive controls and were chosen as a reference (100%). It was clearly shown that the 
efficiency of gene transfer correlated depending on the concentration of the antibody added. 




